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Do 
Do 

Canada's HnitserRD.tEr: Do 
Reasons fOt&Cilikeye sal61.on defl.ines D oD o 

withaDlOo compartmru cIJBrBi.yl D ciIJ o 
Do 

Sarah~al Do 
Dr.Cfiltl>lAmnWUIDdy Do 

Fisheries Re~arch aDJ@COJI@sulting Do 
www.fish4thfuture.com Do 

Do 
Introduction Do 

0 
Recently, FOOerRMrsfiltlceyepapulations ha-@ebefillcompared tOJOJo thoseo[O::Jo Briktyb¥Lffilo 
proponents olJOJo mipin~Cfiiln:JOJo BriktyJwnCiciIIDFOOerRMrsfiltlceyeaSJOJ~ampI® :Jo 
of :Jqe~Btce'bBfiveen mifiinganc@fiSlfuries (JOling2IHH). DotBueJo:::Hietinatpnffisical :Jo 
andbIT:>Obgical na:fure, aSJOJoa,gelIJo::::ili!Hffyreoo t o lIDfel:SG:fil'banizatirrhrIBmstrialization, :Jo 
thet\M®s~emsrm:akearu(Co unlmmyparffion. i 1Km How~b:er;illfD'entsrafuo[OJ<fthrer::::JaJo 
Rivers~em Wi:ti:lJ.impaired wafurqUJaDlity, hUJman dmlopment, clicfugesin:JOJip>tlulafOO :Jo 
andprayb~s,anc@cIM.atecl:iahgeh::::Jo as :Jo restilteflJ&aifesQiflftluctivity oIOJo Frlli>w"r JIID 
sockeyein:JOJo fifeylyeafu. oa 'Jo 

:Jo 
Fraser RMrsfillkeye salmon populations arni.ifferingfrofu rrij'@iad piliblems ass.IDciated o 
with url:nmanc@iruil<ID.strial oo-@elopment, lea«iingtOJOJo drantdimreases in:JOJo productivit y, :Jo 
multiple fiSllreries clliaures, anc@fecleral aruc@iruternational µDpulation liSitIDngs. IJ~Hln~er, :Jo 
thereaOOtrffisors from cillftamination (rromrruiDing, wood prillluctan:c@o~rirlilfhstrial :Jo 
facilities), introduced pnfilators, andirutreased rfilertemperatures. • i 1 Kmln o~ihmrllie and :Jo 
marine emfironment, srressors aOOe:liDted tOJOJo househnltlllillVDstrial waate, sfilpping, lose :Jo 
of :Jo hahim±w::filfuerrna@inewafurtemperatures. :Jo 

0 
Whiletrumlafue forftIBDJ.e:tflines sfiliPlycfilfuot be: o::::J o poihtern ffiiilgleffliCD'ection, tlifil 'Jo 
current o nfite:o::::Rm.hw'rSOO:lceyeiSJaJo unfortunamt¥hem1S0.strousernnpleo[O:Jo the :Jo 
co1exi~Btceo:IJOJ0 hu~loµDnentandsa:lfuon. :Jo 

:Jo 
StatusofJlfJo FrlliwrSiilmon Do 

Do 
TheFooerRMriSJaJo knmvfiJffi:fugraafustsa:IfuonrfilersinJOJ&vtimldamfili~ediSJaJo 
Canada's :Jo la~monprill:lucer (Rleltgner l9fi1 ). DD Socku~olll~'Jo Oncorhynchus neika ) :Jo 
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are tfitfui:OOtcommercially v:akmable sp:~ies in:JOJ Cftb.Rer~«Dgenerated hillndreds o[ O:Jo 
millionso[O:Jo dochhan~alljunfiltlifillil«b19i00s (_UF0201H). uod(fllfi:lil<fudes,hawever, o 
total Do otinsiLloc~octIDvity (raD:ruitpBiEpawner), andcommercial v:akmesillfered Do 
wideflUJduations, anoul1!finately significant dBdines (~ific Salmon Commission d:afh, :Jo 
2011). Do ProductiYit¥o:itorrmttl~ Qt~~iru!l@catingpopulations allib!Joarely o 
replacingtli:l.Ilnselves (Eigure 1;::JOJo PetermaffiHmJ)Druo tlmwnsremnlted in:JO:Jo fisheries =:Jo 
closures in:JOJ~a<lte!JD o[O:JjJD.cB,idlligtlimecillIBecutive y~<Brsfmfu 2067tOJOJo 2009, :Jo 
whentcil:Blrillfi;failledtOJOJo ex~nfi.filfil(Eigurel;::JOJo Pcfuific OlmonCOJmnmission =:Jo 
data). co 

co 

10 
Total Fraser River sockeye productivity 

(Returns/Spawner), 4-yr avg. 

o+-~---T~~.....-~---T~~--~--.~~-.-~--.,_. 

1952 1960 1968 1976 1984 1992 2000 2008 

Return year 0 . 
Figure l:lffifid Eimier Ri\furso<ikeye retiil.rns (full) =C 11 o harves:ti) reQc:apemedffiliD i}ffii(tfifi'1ring [ o 
averageo[ d: o mtaltfiAll.rnspreiisp:awneractbssallDti:<OierRi\fursO:<ikeyesllitks (nlllillilludingtlid) [ o 
minorjat:A:s c016.ponent) cfi\llded c::ny co tqtawnlfts 4C il o yhamre: oCcHi'lmmftal da."1.ed Iille co 
indicates tlidpti:'*1uctivity aI 0:::: o wttie\ltoj)dlation calireplace itSAlf, i.e.~el-0.rns /spawner :::;:::: 0: 0: I. Aatific Co 
Salmon Goihmission dafuin d: o Peteretan211110.[ o [ o 

co 
Duringtl1:aln:OOtreoontcillIBervation stJo atusremew, tl1:hlfil:ernational illlronforffifil =:Jo 
Conservation oIGJo N~N}:«filegorized SJfildo[OJMhw"rSOO:lceyesalfuonsfOOksaSJGJo 
threatened: LJ<OE.aneio::::mitifuiijangered, t~eaSJGJo EndangarndpnifflSJOJo Vulnerable =:Jo 
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(Rand2068). Do Ctlli:lrnsrufteyesalo monirlJffJ~erEmerat1Illffilgnated endangered :Jo 
by ~Ebedm gOJ~rnment COfumittee on o::J d>ttbrus:Oil OJ o EndangWmHliOOn:J OJ o Canada :::Jo 
(COSWEIC; 1)]'6) 2:a1n ). :Jo 

o 
Prodigiousr~archiruocalli;eso[OJfillehlinffiincfudesanoCJo ong$iligrilllfundOJIIDar :Jo 
federal jlili.Dc ialinqmiry. D&Te,rerliklts suggest salmon ant@tl:IBDress<i!ntial hali'Jitats s~r :Jo 
froma:::mo multitlfdeJo~ressorMilllliowintdISoussion summarizes someo[OJ~elu~ :Jo 1 :::Jf.J-G 
reviewed an<llgrayli:EBDature on o::J Cftb.ret~r s<ili'keye de«lines, an<ilcillftl udes Wilth a=:J:Oo 
briefcomparisonolJO::::Cftb.ret~rWit&.tnmv:::OVld'slargests<ilikeyesalfuonpmtlucing :Jo 
system, tl.l:ffBnsto l Baywafursh ed iill OJ o south ~l=mtkaJ oIJo cHsrnsSlio n WilDbeJ o:::J o u pdatedJ 0:::: o 
results emerge from tl:IBLOJimen Commission f~ral illiJhiry, cillfrently underway. :Jo 

Fraser ~rf rnAshwatereuuronment Do 
Co 

Contaminants Do 
o 

MacDonald et:JOJ(ll~Il.1~matically ffil<ft.uated oMer201abaq:t.futiccillftaminants ifiJO::::o the :Jo 
FraserRU&rblliiinirlJQJo addbiofiJa:::pbteaxp.d>si..lJJ.fuan<ilhamntOJQJo socke!mon.O Do The :Jo 
studyirili.Dcates cillftaminated sUJifa Ce :::J 0 wnt:El.Eemfilent, aSJ OJ 0 aseIIJ o::::ab:cumulcnfofiJ OJ 0 
contaminants ifiJ OJ ctfishe;::Glillld p0i$E hillfurds tOJ OJ o spawrring,ingihn<llrrillgrating salmon. Do 
Primary elements o[ OJ o conwmre pJEfjt<il:iM siTupended sfilfils (Tm:>), turbidity, nTifrients :::Jo 
(nitrate, nilDite, an«Dplioosphorus ), ~riom ( &aloride, fliloride, an<ilsillphate ), nfulals :Jo 
(al um in um, ~nic, barn n, cfilfini um, clilib mi um, cOJl.60.lt, COIDPer, it:::On, lead, me@cury, nfri:el, o 
selenium, an<ilsit\ier ), an«Dplimols. DID> ConcentratixfnSJ o::m3, 7,8itet~6.lorodibezo 1~6; :::Jo 
equivalents [J 0 occuirreCIJ o::M.laggsa(]QJ 0 concentratthntm::a,aCIJ\lersely affect :::J 0 
reproduction. i :tm D'a?~in!tiHficienttOJOJo thoroughlynineimpactso[OJo endocrine :Jo 
disrupting clitfulicals siI«haSJO::::o pharmaceuti~olll<ft. c~prilllucts, irufustrial clitfulicals, :Jo 
pesticides, inorganic an<iloQffe.nometallic cOlmpounds, andb~enic compounds (MBCA :Jo 
2008), trumgh ai...ilt&.ors cnfil:luded tffi:fyun&ubtedly we@'ee~ringtfi.:fffrner Rfi&ran«» :::J 0 
likelyha\leimpactsonoCJo sockl.eyelopmentandreproduction. ii :~.F<mnnpI~tliill :Jo 
occurrence o[ OJ o femiruiu:ecltlesffi:lkeye salmon (MacDonald eIJ 0Jroa.l1)005J o likefy) tflifuill o:::J o 
exposuretOJO::::o endornl:imruprers. utm:::Jo 

o 
Sources o[OJo contaminaarnmni..iillDrerous. 'llil\rentyeigllt~roones (Eigure 2;}Jmanysfilall :Jo 
placeroones, 1IloCJo fDD.d\p~rooDs, 99o:::Jo sawq»~oooooDs, o andoMrwoodprillluct :Jo 
facilities, t5o::Jo vp:reaenration fillIDlities, 1:21000 cemndtrnll:)retefacflities, 3Bo'Jo seafood :Jo 
processing facilities, 3i'Z o::J 0 m uni.tewater trrotment pllihts, 3!2 o'J 0 salmrlni.rlOfulent :::J 0 
facilities (Ail@pendix 1;JJ83io::::JO muni·l~trial la:Jo ndfills,se:::\lEralma«J.ufacturing :Jo 
facilities, aSJOJoaseIIJ«Dl&~ffidnaID.stryoperateWilthin tfi.:l.:&tafurshed (MacDonald etJOJo al. :Jo 
2011 ).MaO.yo[OJGl.ifurerfilfutioned ffilIDlities arapemnitted tOJO::::o dischav~eafilfuants oIOJo 
concern (MacDonald eLJOJIDa.l1)a:i&fu.cooe ntsoEliID.r. DltrEnnnal)Slo'Jo ~~re1pi>rted o 
from vamous facflities di.ianga::::::Oo fo~lt6poood irlJOJ 0 :{GmiCIThO.ald eE10Jroa.l1 )CJ filDi)fJ[Q 0 
2866siIID>listedirlJC1Jo Canaamtamfuated Sil:esRegistryne<fi'ly1SloCJo ~~~(<t:ifV/o) :Jo 
werelrutatedin:JOJ<ftb.~ Jeo o RWnerfuEd (MacDonald eLJOJIDa.l1)DID0nT!lmbehl>lJOJo 
contaminated srnesiS::::aJo curnmttiyn<ll:ed tOJO::::o ex~flO QliltikDonald eIJOJIDa.l1)Co :Jo 
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HumanaEilirities al:socillftribute non lP:O@;lt@oirrcepOll<'bution tOJOJCfthre~r. Do Forest :Jo 
management aaiDvities, a=:gricultural operations, andsmomwater rrnroff caill:illftain Co 
sediment, fertilizers, insecticides, tm®retardants, andoll:mrcillftaminants (MacDonald e[]OJo al. :Jo 
2011, NBDtz efJ01IDaI1 )D ruo MacDoe.ti.lar<nm 1:):iffi!l@cate sUJJ.m;tantial qTiiDntities o[OJ o 
suspendedsfilllis, :Jo nutrimetalS;1plimols,an:@t01IiDlh~al)rocarbons ha'@ebefillre:Ieased tOJOJo 
the FOO er ~r fr:Dfu nOJIID lP:O@;lt@oirrces. IJ3 Fin~spi"Deric sOil@rces o[ OJ o poll ummB. as:JOJ o 
persistent orgnnic p0ll1utants and~cury, wn@ch calfuISoimpactaqwtic eEill;ystems (Muir co 

co et CID3ill5)Ji6itfude forestfim, villcanoes, an<ilcarbon em6Bsions (MacDonald e!EJ OJIDaI1 )Do 
co 

Landffic!J oao 
o 

NelitzefJd::(ll~Il.1gmrditionally examined impacts o:IJOJo mirll©nrg$tcy}agruculture, :Jo 
hydroelectricity, tmfunization, andwafurufillln:JQ:JC6rth>lh.wa.ler :Jo environment andtliaDr :Jo 
potentialimpactsono:Jo Frlli>w"rSOOkeyesfilfuonpOlpulations. i :Km :Jo 

o 
Mining :Jo 
Several t~so[JQ:Jo miml<lgpla3eir1JCTJ<fthretmnn (Eigure 2;pooo plm:ie.tng;gravel o 
mining, irufustrial mineral pilitluction, nilftalnillDing, oiiiDn:~asprilllu ction,an:tlkom :Jo 
mining. uA~tonlm}:li<ffating mine, Gil:Haltar, pr:ID:luces aoanillDedffiinage assmciated :Jo 
with higd\ l@eis o[J QJ 0 disso~e[Em(@oll:mr~als, ext.reeding f~ral an:<llpffilrincial :J 0 

igure2r:::mslritidtion dfJ OJ gories oI OJ o 
large nil.fies in:: 0:: CFtheeERi\furllii.Qin. Do flieiitZ::tao 
et :::::00111 :::: 0: o 
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effluent diScharge criteria b¥ o:J 0 several :J 0 
orderso[JQJo magni{ialei =ngtonan:(@ Co 
Ferguson 1987). Do Plm:imng::IB:JOJo the :Jo 
dominant mining aab.rity in:J OJ &~in mun :J 0 
mayha\futl:lfilnOOtsigfiificant impacts tOJ O:Jo 
salmondiletOJQJo sedimentatffurtSJOJo 
(N elitz efJ 01IDaI1 )D OJ OJ o 

DOJoDo co 
Hydroelectric Do 
Two lcill~ h}':al)roelectric pr@jects Within o 
thebas:l n, Cfi3thlge,18eton RL\furpOlwer :Jo 
projectan:<llAR:0.n'sKemano P!Ecijectono:Jo the :Jo 
Nechako RI\&rt~aff<ft:twafur :Jo 
temperature andflOJw,afJQJo tinkmifii@g :Jo 
migration ailic'.bityo[ @Jo socke¥aon oD o 
(NelitzefJ01IDail1)DIDo sciblemadi co 
hydro power pr:(lijects, wn@ch calfuff<ft: t :J 0 
Total G:afi>OOsure (illihallynil:fugen :Jo 
supersaturation), gucb.rel sUIIPly, an:<llwafur :Jo 
temperature, aisoeXi~in:JffJ®~eiRJOJo 
thoughin:JOJo flti~Ulililbers (aIIDut2D,O :Jo 
NelitzefJ01IDaI1)Do :Jo 
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Urbanization co 
Water demand was associated With higdl human de!IIDsities, large ly l«DvmrµIMions o[ OJ o the :Jo 
Fraser RMrbrunn. Population gTiftivth, aSRl»ciated With urlfunization, wa38I%iriJC1Jdictiver'JDo 
Fraserana»2~~Q:Jo municipalitjmream o[OJo IBpei,s11:mfilmbiain:JOJ~Elie20COCo 
years. DD Urbanizatamerufiluations tOJOJo salhmn :Jfi:atfr:Ofuimpervious si...iilffaces :Jo 
including rlliftls, cl:iahges in:JOJ 0 hydroktgyarfilrrmsings allldcl:iahnelization. i :m :Jo 

co 
co 

Forestry Co 
While foresthaK1resthaxrl.ekfreased significantly illJ OJ o rademdeff}tfi::l.:J.Je iSJ fll o rtlmnonl~ :Jo 
stream crmsingpeil>qifure lkfil~ter in:JOJo ~npawmngatfillsand»rrillgTation cnfilidors :Jo 
(M 0 E 2068). Do ~t:Jru>tifigE often sff<VeaSJ OJ o barti:ErSJ ffil!Bhement (WGJ.rren allldPamlew :Jo 
1998),ano:Jo int~µ1kUXfiJO:Jdiif1miSfifryo[OJo anadromal.monffis (GilfuotandMacgolis. :::rrm 
Further, upoe9Il%o[JC1JGlthariruliJo somewalersheds W21.&diSfurbed b¥o'Jo MourltmnB!eletle :Jo 
infestation, p:Ofuntially inooeasing firnriSIOana»seillmentation aSl o'J o agelIJ O::Jfupa~rfiJ OiJ o 
hydrology (NeiitzefJOJIDa.Il)DIDo co 

co 
Agriculture co 
ThelanB.armoEbID.pied b¥oDo agriculhm;eru:Mased in:JOJ~Eliet~ ntyyears. DD Agriculture :Jo 
cancaill;eplij)sical arneration tQJOJo streaipariamzmres,ania»flOJ«hlplains; irumease :Jo 
sedimentation anddOOabilize scream hawks caill;ingWia»ening o[ O:Jo str<fhlm.nelc3; remove Co 
vegetation Wh.1ch camrutrease scream temperatures; cOlmpactsOJ 0 ilssill:Il;equently ifil:lD'easing :Jo 
runoff; de:water gmundwater s5Jl@rces important tOJ OJ 0 mainten<IDJiceJ o::::filrilams anon :J 0 
temperature regimes; irutvease bilib:hemical OX!ji)gen demand; imfuduce pathogens; allld :J 0 
increase setllmentation, nTitrients allldcillftaminants tl:iiiIDugh appiic ationso[OJo manure, :Jo 
fertilizers, allldpOOicides. :Jo 

co 

Predation Do 
o 

Predation o[O:Jo socku¥aonoa.fursin:JO:Jo f.rniiifuwaler allldmacineen'lironments. ':(ID 
Christensen allldTrifus (Zlfil 1) remewed allallable liOOature on oO o predatirum Slhllllmanth JIID 
largemouth ba!IB aSJ dJ o agelIJjEidbwpiM:h arfilrufuduced sp:~ies in:J OJ <MlterOOd, allldarro o o 
known tOJOJo cbredJOJmlapx1PIIies,ffiiliflififedatGeXi~S reg3trdingtlifilrimpact Oll OiJO sockeye :Jo 
(Christensen andTrifus 2IHH ). Do Hatchar;w:Ilm;filfuon bath compete With ana»dfrectly o 
preyupms<ilikey e o (AppelhpiXo:::N'MWo.9,T!m.raana»Blelrejikian2D<&1,Rll~eronee[]OJo al. :Jo 
2011 ),aIIllWough impacts arn:hoiti.1wl1dOi<fumented illJOJCfthrerEnn. DD Salmon o 
enhancement filllDJ.ities in:JOJ<fthre~r B:alnn affilisted be!lowin:J ffl o AppelhdiKa:::rma.adition :Jo 
to :Jo predatfminhanaheryfiSJIID,hatii!heries aran:::llio soofceffpmten4>itadlamfuation and Do 
haveaffifitional nlelgE.tive eEl:flogical effktsono'Jo wihlonpapulations (~bellow, m.nueefJQJo 
al.20JOO). :Jo 

Co 
Climate mange Do 
co 

In British Columbia, minimum temperatures have increased O. l 7°C per decade and precipitation 
has increased by 22% per century (Hinch and Martins 2011 ). Climate change has already caused 
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earlier snowmelt in British Columbia rivers (Stewart et al. 2005), and water temperatures in the 
Fraser River have increased at a rate of 0.33°C per decade, increasing overall water temperature 
by about 2°C in the past 60 years (Chittendon et al. 2009). Lakes in the region are also warming, 
altering timing of spring ice break-up and lake turnover (Schindler et al. 2005). 

Temperature related factors have also received a great deal of attention with respect to a marked 
increase in mortality during river migration and on spawning grounds (Hinch and Martins 2011). 

x Eggs. Although sufficient data is lacking to thoroughly examine potential impacts of 
increased rainfall resulting from climate change, it is possible that increased rainfall is 
causing increased scour ofredds, thereby decreasing overall egg survival (Hinch and 
Martins 2011). 

x Fry. Temperature increases may be facilitating increased predation on lake-rearing 
sockeye fry (Hinch and Martins 2011). 

x Adult migrants. Warmer river temperatures appear to decrease survival of adult 
migrants, particularly in early-run stocks, likely from a combination of exposure to 
temperatures above the l 8qC thermal tolerance, increased energy required for migration 
at higher flows, and combined higher metabolism in elevated temperatures (Eliason et al. 
2011, Hinch and Martins 2011). Pathogens including Parvicapsula minibicornis also 
develop more quickly in warmer temperatures (Cooke et al. 2004, Crossin et al. 2009), 
increasing physiological stress and decreasing swimming performance of adult migrants 
(Bradford et al. 2010, Wagner et al. 2005). Earlier migration timing, likely related to 
elevated temperatures, has coincided with en route and pre-spawning mortality exceeding 
90% in some years, impacting larger stocks and pushing already threatened stocks such 
as Cultus Lake to near extinction (Cooke et al. 2004). These trends are expected to 
increase as climate change progresses (Hague et al. 2011, Rand et al. 2006). 

::::o 
Marineeuwronment IiM.rtliliFOOer~r Do 

0 
Contaminants Do 

Co 
The Srrai to[ OJ o Gedsgia oLTuO rde~dJ OJBriliBhrrilOOE.' s rllilDn pOlpulatio n centers o[ OJ o 
Vancouveran<llV1£furia. lJ@) AB6&to[JO:Jo mariie Co polltisono&stimtnedJ~lmbughl Co 
disposalo[OJo liaintttomlwastefrofulan«i 1tia~Etwities (M6>E2Il66). Do Households co 
generatean©X.lton® 1tfila\6I:JOJo\tlai8tewai@letw«D 1tfil&tJSJ5Jo Jinrlusrri0.l sOitarces (M6E Co 
2006). Do De3.pli.ttin:dfieasesinJOJip>the opfilationso[d:Jo tb.~sgmlanneseEJOJIDall);:JffJo 
contaminants ifiJ OJ 511lhlitomtJ o Gernlgiw a::rmo geriarpro~anent ifiJ OJ o radem.deS:m:ett =:Jo 
management pnft:tices illilfuding recycling pEtDgrams an<ilserondary orJ OJ o btWtlter=:J:Oo 
treatment ha-re improved in:J OJ 0 rey:eant no = 0 CJ ohaenefillmW. )::J mnapa!fi,ChOJ'ttever, lea.a, = 0 
polychlorinated liij:fuenyls (ElOBs ), meucury, dlfilins an<llfurans, tff o lhl1$6ntueoe =:Jo 
documented aEJ OJ 0 nbniglnet:CIDft:entrations ifiJ OJ 0 waterlimBliDt, andrrLll.©ine bfros an«D = 0 
otherb~airlJOJ511:Jhiittilll[Jo Georgii co (JohaenefillmW.)::Jfilo i1mldJw~rnil~sallingtlifil =:Jo 
shoreso[OJ511lhlitwauea=:J:Oo nrajntrifildl:or oIO:Jo contaminahtSJo::::im.s.ttllial.9:~0'sW11en =:Jo 
effluent treatment improved. Irld<mt:allrndes, p:Oijrbrominated dijfuenylethers, peiEonal = 0 
carepffitlucts anal =:Jo pharmaceutirakeiillffieased in:Jd:J511lhlitora1Jo Gec(fgimrums eEJOJo al. =:Jo 
2011). ::::o 
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co 
Land/Marine Writers mo Do 

0 
Shipping an<llma@ine vOOels transport 111lllitgo:tfils an(fi;;er&Jices acr®ss tfilftOOt, an(filmay o 
be SillJ.nc~OJo nOOnt;amfhants, ac«idental spid)ls,an(filnOJo n1na$7Qpfil:iesimfuductions ::Jo 
through billd'nstwafureXilllange, tlitfugh Jcilftnnes etJd:::f<l€lll 1:)lt'filftluded tli:lftma@ine o 
traffic hillfu nlo/ lim@ted direct imeracti on Wifu sfibkeye hal@itat. =na Dredlga!H~ed tli:OO o 
main nail ga ti on cliah n el atJ OJ <Drtd».etl:UXfiJ OJ Cf th.Re ::Jo r ::J o lliye E O:::Jtilmete rS:@ll(frtfil$illd 3 a o:::J o 
years, tfil:fugh dratlging aruwities allilimated tQJ OJ 0 peni'ddsn smtkeye salmon afu.110ltfiriJ OJ 0 the ::J 0 
estuary (ERE MP 2D66). Do are6llim;i'llffifilmmghout tliffirutrer Frater ~reSl:O.ary, ::Jo 
causingano:::Jo estimliilifbhfilitatloso s =rffamrnax::::JilllisefJOJIDill.4 Qo ::Jo althahglr =na 
construction hatBIDwed iriJ OJ o rooemdeffB.n(filsome ha\Ce be:ffh removed tclJ OJ o re!filDhmon o:::J o 
habitat (JOllannes etJ OJIDaI1 ):::JO ::Jo 
co 

Predation Do 
0 

Significant nfufine prnilators o[ OJ o FrRi>wr SOOkeye salmon ~iru:fude spl o inydOlgfish :Jo 
(Squalusaamthias ), o salmanks::(mfumnadlpfosis ), :::Jahiiggenooth (:::JAnatopterus :Jo 
nikparini; Christensen andTrifus2D1H) . Harborserns( a:fbiocavilwlina ridwrdsi) ::Jffialeldler:::JaJo 
sealinliiB(JllimetopiasjilliJJtus) are aIIDcrnnmonprnilatorsall!dlha\leiriJo creaseddramatically ::Jo 
sincetfill»rptl:ftection in:JOJo ~rflmfiSlleriesACfl:EmrestetJOJIDiil9,CIMstensen and ::Jo 
Trites2D:a)1). Do WmH:fi~lfring(:::JoClupeaharenguspaHasi ) :::Jocorlc(IDOOdus :Jo 
macrocephalus) anfunl©kelytclJOJo p~s:filikeye salmonsmolts, ::Jotheya00:::J0o likely :Jo 
competitor f~ iriJ OJ d>tlnit<illXlJ o Geangdlliaxffibe:lfu irli:oeasing in:J OJ o numirerSJ o::::recent ::Jo 
decades (Ofristensen andTrifus 2rrn1 ). ::Jo 

0 
ManynOJIID lna$7€imfuduced spl(fi:ies in:JOJ d>tlnitcillXDo Geral~bprajupm an(fil/ or compete :Jo 
with Frater ~r sn&eye salmon. IJOSTllnitlITlltsano:::J o estimatle'llrrnffiduced spl(fi:ies, ::Jo 
moretliaID.twiD:etlifillUJifu.berfcilihdtfiloughouttllirrernaindero[OJo Canada§tcOOtaSJOJo a ::Jo 
resulto[OJo hupnpulatlbn gEtnvth, aquruculture, a'lldsfilpping aruwities (JOfiannes etJOJ o al. ::Jo 
2011 ). 06.i'Na\Tilllable data!.iSJaJo inconcluthffi;em«Itlydnrumented Hilmboldt sqW.d o 
(Dosidicusg'flJiiJt.s, <Thsgrove 2D65) DoIDJIIayemQ}flgmfiraht p:r:mators o[O:Jo socka}ffitSJOJo 
(Christensen andTrifus 2Il:a)1 ). ::Jo 
oo 

Christensen andTrifus (Zlfil 1) irulDcate tliminsO.fficient da o ta ::Jo ek<DstSJ o::::auJ.equathiytifyo o 
keypfiiblators o1JO:Jo socke!monan(filtJ:IBDrowall impact, aS:OJoaiseilil1i:tlErstand tliill ::Jo 
critical cumulative impacto[O:Jo predatirnraIImo:::Jo socmye:o:::lfutlruOOmean<ll ::Jo 
freshwater ell!-,llronments. ::J[Q o 
co 

ClimateClJange Do 
0 

Majorc}ilibe s ::Jo associatitHclilO.ateaiidlsehl>iillfucetemperature in:JOJ<Ntinehmllific o 
Ocean, tliffEIJOJCf!Mi :Jo Sout~laltmn (EJilllSO) an<lltliliPatiific DBfudal O:Sallation (~O) ::Jo 
haveeXlilbited pafterncfilfugesin:JOJo rooemdeffX:'Jo Beamish l999,MaO.tuaetJOJm~7 :::J~. ::Jo :Jo 
Marine lialJitatffilafOOer~rsfibkeyesalmon, tJ:il.:ffirrBito[OJo Ge~n:mLiffo[Q:Jo Alaska, ::Jo 
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<•:f,,' --'sawI-'™f" f''-Sf ~<-'™f •'xr-> U"•f%o' -'1 ChittendeneiJOJIDiill9 Qo DOµHidJasfilidicyoDo 
havede:tfreased inJOJ<Ntlnl!hBmofic :::J~IPCC 2D67). D0pelniDdJmfutlihlall®l:::Jo 980'stOJOJo the Do 
present eXlID=rienced wa!1mer cillfilitions tffifu tnme dUJnngtnaprfilrious penod sraoting illJ OJ 0 
1940 (Eigure 3w OJ o J ohaene:sm:ml )D ID&6efalce:temperature (S5Jf) has:irur6eased ~ ou o 
1.5 °CofiJOJ~ahe6fl:k'M:Jo ){ear6:hil:tenden etldJIDiill9)Do W0.rrillfrternper aturesarfilfilficident Do 
withbl:OOmso[OJ@J.~milllffilg0.e DlMeterosigma. H'lf'temfigma filoomsciillbTiftesfilfuon :Jo 
mortalitytli:rough dTIDinished respiratory fillfttion allldaliilitytOJ OJ o upb~gefiJ(ffifusel e[] OJo 
al.2CL:OO). Do 

Do 

co 
Figure3C: 0:::: o ll4Mafusfuiieso[ 0:: o monthly c::Si.Ofacetelfiperature anomalies ffu'hltlidlc!ili'g 1tfufbGC:: o 
meanffilial 19it6 iZDWXJfilialEliifrance ISliind, cfuitral SWito[ 0:: o GeoQia;:::: fl (IFfldmrmas eI O::::roit1)::: o :::: o 

c::o 

Temperature clicfuges~aISobe:o:::Jo carn;iiijp amnneio::rooplankton,O parflmW'sfilftce Do 
forrea@ingsillD keyesfilfuon (Eigure4wOJo Johaenesimml)Dffio DeclineSJc[ptefepturlkmo Do 
taxacfilficideWifiliruroeaseso[OJo atpeciesWMchs5hkeyemayprayupm,alll&ughtlifilr Do 
foodqUJ<ftityiSJffio consider~r~lessfallffiill:ent(Elo 15a~ieEJ01IDilll9)DIDo OvaH, Do 
Johannes e[]Q:(ll@.B.1l)ltfilftlude Do 
thatwaoming temperatures Do 
coincideWifildekiliningffililll Do 
availability allldqi..Tu.Bity, W1:i@ch :Jo 
maylirn'Dts5hkeyegtillvthalll@ Do 
decreasecillfilition. Do 

Do 
Do 
Do 
Do 

"O 
0 

8000 

6000 

4000 

at 2000 
0.. 
0 
0 

0 

a 

Figure4'~oliliidgzo~lankton :::: o 
(Neoclanus sp})atidndanceifi:O::::o the C::c 
Straito[ 0:: o ligiB.. 06 f)ohnnn&aiid :::: o 
MacDonald 2D69. :::: o 2000 2001 2002 2003 2004 2005 2006 2007 

Do 
Co 

Fisheries Mabagement Do 
0 

Fraser JIDll?r Mmlagement Do 
Do 

ManagementoIOJo Frllhw"rSOOkeyeafiJ@oflmrsfilfuonfaII&un«T!ernijr@iadleg0lstafutes. TT1ID) 

DuetOJOJ<brttmna'tilonal rangeo[O:Jo marimr~~sfilikeye, tlifillSlfuryiSJffio subte =inao:::Jlao 
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international Ha a fie Salmon T!ElIB.ty beitlWeen tlil.IlJ[$fufi1Krufudaan~irurolving mmetrum Do 
sixagffhcies (English eLJ01IDal1 ):Jo 0 

o 
Canada's rrla@n legal tOMforsilllkeye salmon halili.tat ceiliEervation iSJ Q:J Cfi!Hrernll Aei]in:J Q:J o 
place sill.oe 19~6. DMr:haamJ owledges trume:fill tQJ OJ o prq:thyticaflhaliitat ffilaillffea Do 
stages o [OJ o soc H.e.yh,l d:llig tli:l.Ilr f ciliDI. sfilfrce s an<iltlIBb} lli.Il i ty o[ OJ mttte r i:iliOOJ o wllie!1 Do 
live(JnfiannesetJOJIDall):::JIDo lgaM'1'nnff[JOJID!arnfuge@[OJrnnl.iirt:aIJi6:JOhEtOJOJfthieved Do 
throughli::IDitation o:IJOJo developlllla'ltpr::aflon o:IJOJfuhosIJo:J:fum~tanQandsfilfuonid Do 
'enhancement' ifiJOJ (6ctfm olJ([J 0 hatchmii.EkpillNning cfiahnels. I]@) NJJ.aiDjtaIJ~oration 0 
andcompensation prc@jectsha~be:lfui~ective,hawever DO(Wilson2D63 ), ::::J&airtlcherres Do 
haveuni@itended,ne~tiveeEJ:flogicalimpactsono:::Jo socke¥aon~below,KatkoweLJOJo al. Do 
2009). Do 

Do 
Escapement targets, setaillfuallyundertliffPatfific Salmon T!ElIB.ty b¥J o!JiomrnatOOnal p:anel, Do 
arecomplicated lzyoD©:.)thlklli:Mlreo[OJo nlr<n:n¥e~rsffioksan@ rffillltingifiler lanJii{!} Do 
variabilityiillOJo ret~ngliSlfuLJ01IDaI1 )CIDo Furthen,.surement oiiO:Jo amraipernent iSJO::Jo 
complicated h¥oDIDetElamoEJO::Jo soc~~r:e8gJoDo EscapertmrgetiSlficen~foroDo 
theEilltlySOOrtsfilikeyefrom2D"15 12D@!)G Do V&He erJffJo tangen=Illim,En~isheLJOJo al. oo 
(2011 )cillft:ludetlialol[dfharvest li.RelyoEilllrred iillOJo IRtrliJTtfSmkeye from H1M 12D@G Do 
andforililltlySummersfilikeye from 1960 119W<{£igure S[)JoDaJo 

o 

~----------~~-------.----~ o . 
Figure5~tiimat*s Of 0:::: o mtblli):eiikiB.pementaiilleiio 1ro~~f00FC:: Oa.sersllilkeye IJ¥oC:: o 111~ = o 
group. DOi~~esweiennfuS:tiimated prihrtO: 0:::: o 1992>. Fl!dgliSll*[ O:::::roit1.C:: o C:: o 

Do 
Bristol BiljJMliiiagement Do 

:Jo 
English eLJ ~ tlll 1~ewed clifferences ifiJ OJ o managemtmtr:rure b:e\Ween BTI8tol Bay Do 
andtl:IBFraer~raillfui:a<tet ohe Do follomngh.iSfuns. i :~ WheeOOer~riSJaJo subject Do 
to Eillnplex) ifilernational nilihagement s'.ITO.cture, rrumagement oii OJo Briktyto:al'fuye fall& Do 
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entirelyW11i:lJ.int~kaO:epartmentoIOJoandGa'ii?reaiilibfciliDAEIDl.Maoagement :::Jo 
Biologists. u©E'illlif'lero=::smructure o[ OJ o BrBiiyhlfilfugement allowsforcllifuges illJ OJo harvest :::Jo 
regulations on o&fya l~cBnsdunngtfifiliSIBng seill>on, WllJ.@lernaoagement deasions :::Jo 
require a:::Jflo nJnn#hlfil pr:ID::ess for~raer RiiWrs<ilikeye. oa J\!BE!MkfiSffingissoes arm :::J 0 
alsore:lmti velynfiloorillJdJo BrBiiytl~dJlfiffilmin:aIDnafureo[OJo harirestiffiB:hmgJQJo 
districts forofui stocks, com pared tQJ OJ Cftlurer~rW11i:lJ. fcilib'rillD ltfilfiP@gITfu.ps WTu.GX:h 0 
consisto[OJo rtlmn2Slo:::Jo stoCRs. &ijBrsaffilim'DtedillJdJo BrBiiytet:i'CivetOJOJo the Rl'affier :::Jo 
River. oa Furthmto:Imo relat~eili\pement andlOWhi..iiM!an papulations in:J OJ <EtlHtoD Q:Jo 
Bayregvon, reoueational andsill:IBistence fiSi"Deries illJ OJ o BrBiiyhfilifunttOJ OJ OtmmlrnD :::Jo of Do 
totalhafilrest, WTu@le FfrmNafions an<llreoueational allocations :Jo aremmhhigd\erin:JdJlDrDhIEe • 'lffi 
denselypapulated Frner R:il.tEr. DD B~'lsSOOkeye rillIBarfill.ISorlliOO)ecillft:entrated, Do 
with a[J[Qo typaadofil{iStlngsiXD.r:::eeks compared tOJOJ 0 rtlmntfileerrilimths ono:::J<fth!i'eiJ OJo 
River. oa Ovdhifltor:HB)Dbelfufitsfrofua[J[Qo 'diversifiedpOlftfolio'o[OJo m~sJifi:{fillifro o 
historyt~s eXI11oiting rfil.Iltiple large, prillluctive riYers, resolting illJ OJ 0 extremmµea: ([J 0 
fisheries cl:Dsures (Sbh.indler etJ OJIDaIO)C m:Dlinras1Q Frner RiiWr fiSlfuries h~ be:(fu veey :::Jo 
limitedorJOJo clmeaJol$0\: tlmiasfi2Q!o:::Jo years:io 

o 
Widefl[]ctuations illJOJo sodce~ns&fi:JOJ<fth!i'e~r(Eigure6gJOJo requimagBi)stOJOJo 
adjustgillflseillfryyear,resoltingillJOJo overha~SIJ~s::Jd:::Tiltihdlw :Jo 1an@c:tl :Jo 
variabilityillJOJo retallnsvSlffi.stol Bayrnaoagers tOJOJffius:ID frOed :Jo escapergentb~dono:::Jo 
maximum sffidained yIBfrl princi pies. I lk'@ FimH.d:jl.pement est@mates illJ OJ 0 BrBiiyhrffitJ 0 
significantlynTifreammratetllifutlli:D;eirlJQJ<fth!i'er~rowfugtOJOJo methodolo(g:ilwerJOJJo 
counts an(filsfilfurupnream o[ OJo efi.cfi@Unmmial f:::J o isheries illJ OJ o BrBayvsmssentially :::Jo 
oneh}':lftoacoustic slleirlJ QJ Cfth!i'er~r) an~lihl'acftlial\Btlstol B:ayfiSlfurhlloIIB;ill:iject :::Jo 
to &ehJhigDeno:::Jo rmliitaTify, tOJOJo witialneQ.qit:OJOJo 9~er~rswcksarro :::Jo 
subjecttOJOJo betvefttllllemtion and spiDwninggITfunds. :::Jo 

:Jo 

Influences cmoBllstol Ha~an•Frner ~rsfilikeye Do 
DuetOJOJ o fulrinomGX: importance andhiSfurically hlghrelorns, fili&tol B:aya~Fraer :::Jo 
Riversfilikeyesfilfuonha'lE be:(fucillfipared illJOJo remmttliSo 03 Propon«!fit!SJOJ:Ievelopment 'Jo 
in :Jo BrB;tajr o«tlmeffierR:il.tEra&JOJ~amµI~:IJOJo miamiJmWSIOOries'coo 1exi~g' :::Jo 
(Joling2n:1H). Do Howeverlespitewafurshedatfillo[JOJ<fth!i'er::Hat$1.nnlill'etlia'ID.dai@bling :Jo 
Bristol B:ays -Fraser RiiWr s<ilikeye anl@ndance pal.Es in:J QJo compar(f<Dgur:::e6'}1oDo Further, :::Jo 
though tliel&mhakR:il.tErlistfugaSJCiloGkcillffiJo con~MorsraMeEJOJIDaIO)JffistolBaj :::Jo 
sockeye afu.TioJtfhifilently extID=riencing tIDft~s o[ QJ 0 dediNBIDiifill illJ OJ <fth!i'e~r. DD 
Possible reill>onsfor~liffiediJ!Erences aB«Dund, an<lla[J[Qfufu.WiSillffised b:eiIDw. :::Jo 
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Figure 6:0::::o =~)aMF~erRi1tfur(ffiil)tObllriilis(ral:ch+c!Oo escapemeim)e[llM6. 06 
Averagesf~adhrfir6raraillificated Izyo= o shadilljllil.fuffuln.ADfG 2DilOaiidAS6 . = o 

=a 
Habitat Do 

::Jo 
BristolBia)killfumpasses r1ilierna9Drwafurs hedsau(d)haEfu=t:Oo drainngao[]O:Jo aB0Jfr()QJOJo 
km 2 (EifJBS2D-a)1),w:liietfillfooerRMrwafurshed drruns23i8,000k00 2 tReynoldson eLJOJo al. ::Jo 
2006). Do Furthet)illlIDlffislnsaOOill::ijecttOJOJo oppd!EatmSlil:JdJo product(wayw::Htin ::Jo 
BristolBayiSJfllo experienhiQg 00 Do productitli~rmrRMram.fuflmru::IDWeetcOOt ::Jo 
riverseXlfurience lc110erpffitluctivity a'Ildvfile lVB~Im:futua e[10Ji9ali7, :J:Mantua alll@Hare ::Jo 
2002).Tll®B~l ffiyba.Bln wasremntlyriilikedaSJOJo contais©imgeflillIDOOtpnjf;ically ::Jo 
complex haliDitattliJcroughouttliiftarrgeo[QJ o Parafinon,ffila'lk:ingitfJ flio mmitienfltOJ OJo future ::Jo 
impactsotO:Jo climamageJ~antuaan®Francis2D64,FD&S2IllH)tlia@im:ffito~rPoofic ::Jo 
watersheds suq@porting salmon, illi.:fudingtliffFooer RMr (EUBS 2D1H ). ::Jo 

o 
Aquaculture Do 

::Jo 
In Do addittion::Jla<Dnanage~attioo (rmiewed b¥oCo Engtisl:J2lml )a1ffJ:mm.i»~rtaID.ttOJOJo 
note tlialrna9D r aqlefuculture acr@vi ties in:J OJ Cf tl:u~et~r brunn armriJ QJ 0 mnkrasftOJ OJ 0 
thoseiriJOJo BrBayJwntireaqlefuculture iSJOJo prohibite:aD. Ali?6utJffifishsa:mdrurated :Jo on ::Jo 
thenillgTation r61deo[dJo F~i>w'rSOOkeye salmon (0tDceetJOJIDaI1 )::JO:Jo Althahgh:Jno 
research iSJOJo controverl$mh;ls1lmbeJlfuasrociated wil'hiru.:oeased transmission oIOJo sea :Jo 
liceaill:dkliSease ::(!BriceetJOJIDall GUJo M:itlefillJB)::JIDo GlohanllyjneJruo rvivalorJOJo 
abundance iSJ OJ o redmrern o:::amp~oTIIDng aqmculture (Etfrd an(@Myers 2068). Do A Qif rBilew ::Jo 

22 ::Jo At@stt ::JOJo 11 

ED_00006500022633 EPA-7609-0002226_0013 



potential impacts tOJ OJ o FrRi>wT SOOkeye from aqtfuculture adiDvities iSJ OJ o forthcoming :Jo 
=mo :Jo 

:Jo 
Further,in:JOJo respdxmseJff:pbpulatimhinero[OJo FrRi>wTSOOkeye, tli:i.=iLmmdian :Jo 
government operates nealrly3DoDo hatchanieSJ~in CNfficDonald eLJdJIDfil,~endix :Jo 
1). Do UnintemlfuttSh!JdJo hatcharmmdelfil@easedoafurrenceo!JOJo dis~s.e o ishefJOJo al. :Jo 
2007),dfrectpratlation olJOJo Wcb~o hatcfieh){Niffilan an@Sfilfrpe 2rnH ), :Jo 
competition fomoooresources (Ililtman eLJOJIDallin:ffiJo pran;a}pmin:JO:::Jl6rthmwaher o 
environment (TlftaraefJa:::m:liil.8)Jill:JdJo estuc(IDetyefi!XLIDall)~ol.fufJffJo se a :Jo (RuggemneJO=:Jo 
al.2CHH). Dre'fili(Fesffito[O:Jo competmono~cre~uctilvity o:IJOJo wilrlontlliffile :Jo 
2009). Do B~HOm;)n00UllPortanjEfilfuonha1i:D:heries, andsfilfuonfarfuingiSJOJo 
prohibited iruO:::J<EtfymffiMfroughouttfilffirafuo[dJo Alaska. :Jo 

:Jo 
Human daYJ elopment Do 

0 
Moretrum tw«Dtw«D 1tfil&GtJ O:Jo BrClliHhrrili>funs lilleiriJOJ <ftlu~er~r Baiin Wi:ti:lJ. aruo:::Jo 
overall pOlpulation o:IJOJo mi1BotUteS8rlents in:JO:Jo 4:006 RBlt2ffOO ).Effetts::MJO:Jo huaoo:mwittiffi :Jo 
including tfilfunization, f~stry, rllining, agmculture, c5JJ.Qkaminant s, :Jo introductrons:io:::npn f-.J-G 
nativesp:fil:ies,an@oMrfacfursarmv~lycillIBidered tOJCT:ID filfuQIIBJma~rfacfurin:JOJo 
declineso[OJo salmonidwllie (NehlseneLlOJffiaU, :::rMHartmane[]OJIDiiJ.6 Qd3t1Stol:milj) :Jo 
currently sfilBports onfyali®tsmnteen small comm uni ties,aru@a=rDo populatfofiJ ffiBm Do 
5 0 0 0 ( Dff RA 2D1)0 ) .A'EJ OJ ff:pTetlrnt,~n daffi nQjtfi;uppo rt Ifif!o r irlilfhstrial orl O:::J o other Do 
humanaEl:b.rity. iIJ!6dtrasftOJOJ<MlterqimiitypEtmlemsin:JOJCftb.rer~rdiSoussed Do 
above,aIDiilableda1i:11.forwafursin:JdJCBtiHtoDo l DcrBM>rfiinlfficate cfild, weH 1ox:~Bi.ated :Jo 
conditions Wifu lomillftentrations cil OJ o dissomethls::aE@oMr sfilotes (:::Jo Zamzow 2'01)0 ). :Jo 

:Jo 
Cumulativeiliipacts Do 

0 
Theanmysis cillfilucted ford\l:IB[OJI@en COlmmission iSJ OJ o lintiieffJ ff:pbten<llmleSh!J OJ o Fraser :Jo 
River s<ililceye ffJ@:linesWi:ti:lJ.in tfil:iP~twmtyyears, dUJnngWTu.GX:h de«lines be<ffime :Jo 
noticeable andcommercially pllllblematic (Mific Salmon Commission data). DOrffijerrnp Do 
of ahtj:iertsreleased tOJOJo dmeltfiletlialbmreline an@oMrpOO l~i~Sgda1i:11.iSJOJo 
insufficienttnoDo thoroughlJllilletlifilacfursin:JdJo que~tfilID11DkeOC01IDail4,ClMstensen :Jo 
and Trites 201)1, Hilfth an@Mavtin 2rnH,aillfuMrs ). :ODiff411l!ir}"cmtJently isofutes :Jo 
individual p:atential facfursin:JOJo declfuB.tngNIDO:Jo con~gistic effoctso[dJo all :Jo 
factors combined. lJ@) Christenmill'tims (Zllill)cillftlude afltertliBDranmysiso[OJo predation Do 
of o socku¥aont:rud" :Jltumulativetlii~atsaOOartruOO)ediJficulttOJOJo evaltlntaaDoo single :Jo 
factor. DtDammo[QJo FrRi>wTSOO:lceyesfilfuon,stressfrofuhigllerWJo aterten@peratures, :Jo 
morei~'«filnpetition diletOJClJo increusedpehlent Wifuresahlting lru..rergrmvth, an@ :Jo 
runningtfil:igillihtlettlirough prfillators Wh®sealllernative pnfyma§Tha\fudiminished, lliliY :Jo 
allhaxre hillft:um ulative effects. 03 AsseS!liagiiliiolative effoc ts :ll18:$~ an«ioMr :Jo 
stresses Wi~reqhire ifilegrated el&fluation. " :Jo :Jo ~te:J(tltfill.1ipii:!l@cate tlifilreanl.ers Do 
"should nafuelcressarily exitrecttOJ O:Jocfiillfl SililkgminantcillIBeo[ dJ©l.ehlineJffiJ OJ o Fraser :Jo 
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associated Wl:th url:fun ana»irulmstrial delklopment, leaDJ.ingtclJ QJ 0 drarnd.Htireaws inJ QJ 0 
productivity, nlliltiple f@Itreries erasures, an@fecleral an:a»in:Jo ternational p:Opulation liSiti.Jngs. 03 
In ::::Jo freshwatmtamfuation frronmfa]ing, wood pfifiluctan<iloMrinfillstrial facflities, o 
wastewater trrotment plfillts, laool.fills, ana»sfilmon enlfuncement filllDl.ities (D.D,halID:heries 0 
andspawningcliahnels) haneclMJOJo contamiationo[O:Jo 5000s:miE,cfilffiingpiliblems :::Jo 
with pHOfS~turbidity, nTifrients, lliili&als, pnmols, pei&onal c~pfifilucts, an@ o 
pharmaceuticals. TI:m IntrodtJ><redaful1s si..H:fuaSJCT:Jo yejieiwhailli»smallmouth batE,aSJCT:Jo well o 
as :::Jo hatcfie~I:soimpactFraerRil.O er o socmyeJ<filfBh~eren-0ironment. i :tu) And :::Jo 
finally, irutoeased rillertenmperatures reffulting from cillilate cliahge aarnsmciated With :::J 0 
higherm:ill'talityo[O:Jo socRe.yeJOJfuu.teJff:sqDaw!Jingna~liReJ.ydUJttOJOJo increased :::Jo 
physiological s!ITessaEJOJo higlmpfil<ft ures,de:areasedswfinming efffhency, andfaster :::Jo 
developmento[CT:Jo pathogens.a 
co 

In ::::J<DrtlliineJm'fironment, ifil:fustrialization anourrrnngful.vthhaneilMJOJo contaminamonJCT:Jo 
theS!ITaito[dJo Ge~ia=rupolybromindtif'dlen:jiethers, pellionalc~pfifilucts, and ::::Jo 
pharmaceuticals. DID) Dre~i:Rlfig haffreilllced rna17ine ana»estoarine sokikeye hal@i.tat. DID) 

Increased sfilp traffic iS::: ffl o associatiiH aEl:Ddental sp:id'Jls, naii3e, an:a»irutbduction oI ffJ o non l f.JG 
nativespil:ies. 03 Wanmmine!teillperatures reffultingfrofucillilatecliahgeaarnsm ciated :::Jo 
with rrux11e fr:equenthannful algal blOOms, remhlting inJ QJ 0 lcmvygenl.Erels irlJ OJ <Drtlliine: 0:::: 0 
environment, aSJO::::oa.S"elIJOJ:Iecre;;rneiqblahlcton l~lswlMX:harfill.fiJO::::o impor.taalteµD :::Jo 
salmon fciliblsfilfrce. :::J 0 

o 
Current efforts tclJ OJ o unders1Iffiade00hkeye dOOines iS::: o olate pnfintial cfilffies, fcilkDngtclJ a:J o 
considertlifil;)ll:furgistic effectso[O:Jo combmmtsOJl& sffi:fuaSJCT:Jo contaminaamf ufili) ::::Jo 
introduced pnfilators, cllimJ.ate cliahge, an<iloMrs. oa Furtlmr,erualliftyses afuloraed tQJ O:Jo 
relyup;®ninaiiequate hTuDorical dafll.sets, WJo hichfcill&OJdJo satisfactmijn~line :::Jo 
conditions. :::Jo 
co 

Given tliBDrdiSfinctpilffisical an<llbi:Tufugical nafure, aSJ ffJoa.S"eI1Jo:::l&<i~er1welso[ OJo 
urbanization a'lldirulmstrialization ifiJO::::Cftb.re~rbillilnre::IfilivetclJGJ<EtiHtollffiy ::::Jo 
basin, reoontcomparis ons bemween tlll.ftw«DWafursheds arniTup>ect. DID) Howtwhe,n JIM 
comparing sO:tikeyesfilfuon p:Opulations alliDJ.e, BnstolBay -thewo@ld'slargestsfiltlceye :::Jo 
salmonp:Etfilucings¥filem -outnumberstfiliFooer~rb~O::::otfiIDlllWs~arar~dless o 
than hal~its:fil0. Do IndeE;d:::J ©:alnparfton bBfiveen tlifilw®s~ems may sifilPly higd\light :::Jo 
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Appendix 1D cla'lmodenDancement faollities iii a::: CFtheei:Ri~rBa6n. DCl:NfMWatHan~. 2a FthmDOMklld eI cI::2Wl1 co co 

Area of Interest/Facility Name 

Cultus Lake 
Chilliwack River Hatchery 

Fraser Valley Trout Hatchery 
Centre Creek Streamkeeper Program 

Harrison River 

Chehalis River Hatchery 
Weaver Creek Spawning Channel 
Fee Creek Spawning and Rearing Channel 

Lower Fraser River 
Inch Creek Hatchery 
Bell-Irving Kanaka Creek Hatchery 
Beecher Creek Streamkeepers 
Al Grist Memorial Hatchery 
Chilliwack River Action Committee (Trap 

Site) 
Stave Valley Salmonid Enhancement 

Society 
Nicomen Slough Spawning Channel 
Musqueam Creek Project 
Steveston High School Hatchery (on-site) 
Cougar Creek Salmonid Enhancement 

Group 
Hoy Creek Hatchery 

River Springs Salmon Enhancement and 
Stream keepers 
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Facility Type 

Hatchery 

Hatchery 
Hatchery 

Hatchery 
Spawning Channel 

Hatchery 

Hatchery 
Hatchery 
Hatchery 
Hatchery 

Hatchery 

Hatchery 
Hatchery 
Hatchery 
Hatchery 

Hatchery 
Hatchery 

Hatchery 

Species Targeted 

Chinook, Coho, Chum, and Steelhead 

Native and Domestic Rainbow Trout, Anadromous 
and Coastal Cutthroat Trout, and Steelhead Trout 

N/A 

Coho, Chinook, Chum, Steelhead and Cutthroat 
Trout 

Sockeye, Chum, Pink 
Coho 

Coho, Chinook, Chum, and Steelhead Trout 
Chum, Coho, Pink, Steelhead, and Cutthroat Trout 

Coho, Cutthroat, and Rainbow Trout 
Coho, Chinook, and Pink 

Steelhead Trout, Coho, Chinook, Chum, and Pink 

Coho and Chum 
Coho and Chum 

Coho, Chum, and Cutthroat Trout 
Coho and Chinook 

Coho 
Coho 

Coho, Chum, and Chinook 

Organization 

DFO Operations 

Freshwater Fisheries Society of BC 
Public Involvement Programs (Volunteer) 

DFO Operations 
DFO Operations 

Public Involvement Programs (Volunteer) 

DFO Operations 
Public Involvement Programs (Volunteer) 
Public Involvement Programs (Volunteer) 
Public Involvement Programs (Volunteer) 

Public Involvement Programs (Volunteer) 

Public Involvement Programs (Volunteer) 
Public Involvement Programs (Volunteer) 
Public Involvement Programs (Volunteer) 
Public Involvement Programs (Volunteer) 

Public Involvement Programs (Volunteer) 
Public Involvement Programs (Volunteer) 

Public Involvement Programs (Volunteer) 
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Area of Interest/Facility Name 

Lower Thompson River 
Spius Creek Hatchery 

Loon Creek Hatchery 

Deadman River Hatchery 

Nechako River 
Nadina River Spawning Channel 
Spruce City Wildlife Fish Hatchery 

North Thompson River 
Clearwater Trout Hatchery 

Dunn Lake Hatchery 

Pitt River 
Upper Pitt River Hatchery 
ALLCO Hatchery 
Hyde Creek Hatchery 

Quesnel River 
Horsefly Spawning Channel 

Seton -Portage 
Gates Creek Spawning Channel 
Seton Creek Spawning Channels 

South Thompson River 
Shuswap River Hatchery 
Kingfisher Community Hatchery 
Adams River 

ED_00006500022633 

Facility Type 

Hatchery 

Hatchery 

Hatchery 

Spawning Channel 
Hatchery 

Hatchery 

Hatchery 

Hatchery 
Hatchery 
Hatchery 

Spawning Channel 

Spawning Channel 
Spawning Channel 

Hatchery 
Hatchery 
Fish way 

Species Targeted 

Chinook, Coho, and Steelhead Trout 

Rainbow Trout and Kokanee 

Chinook and Coho 

Sockeye 
Chinook 

Rainbow Trout and Kokanee Salmon 

Coho and Chinook 

Chinook and Sockeye 
Coho, Steelhead, Cutthroat, Pink, and Chinook 

Coho and Chum 

Sockeye 

Pink 
Pink 

Chinook 
Coho, Spring, Sockeye, and Kokanee 

Sockeye 

Organization 

DFO Operations 
Community Development Program 

Hatcheries 
Community Development Program 

Hatcheries 

DFO Operations 
Public Involvement Programs (Volunteer) 

Freshwater Fisheries Society of BC 
Community Development Program 

Hatcheries 

DFO Operations 
Public Involvement Programs (Volunteer) 
Public Involvement Programs (Volunteer) 

DFO Operations 

DFO Operations 
DFO Operations 

DFO Operations 
Public Involvement Programs (Volunteer) 

DFO Operations 
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Area of Interest/Facility Name 

Upper Fraser River 

Penny Hatchery 
Anderson Lake Fish Hatchery 
Hells Gate Fishways 

ED_00006500022633 

Facility Type 

Hatchery 
Hatchery 
Fish way 

Species Targeted 

Chinook 
Sockeye and Kokanee 

Sockeye, Coho, Pink, Chinook, Steelhead Trout 
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